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Summary
Cold storage is a well-known strategy to limit concerns about seasonality for sheep 
dairy productions. Th e aim of this study was to investigate the eff ect of long-term 
freezing on milk renneting properties from the Sarda sheep, an autochthonous 
breed from Italy. Two-hundred milk samples from 50 pluriparous Sarda ewes were 
collected at monthly intervals throughout the lactation from April to July. Each 
sample of fresh milk was analysed for composition and subsamples were obtained 
and frozen for one, three and fi ve months. Renneting properties, both from the fresh 
and frozen subsamples, were achieved using the Formagraph instrument and results 
were submitted to a mixed model statistical analysis. Th e storage eff ect signifi cantly 
aff ected (P<0.01) the renneting parameters. A large amount of non coagulating 
subsamples was registered aft er a long-term frozen storage. Furthermore, milk 
clotting time was longer in frozen subsamples and curd fi rmness diminished aft er 
a freezing period of fi ve months. In conclusion, the remarkable decreasing of sheep 
milk renneting characteristics aft er frozen storage can predict a worse yield and 
quality of cheese-making and suggests that freezing of Sarda raw milk should be 
limited to shorter periods.
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Aim
Th ere has been a remarkable rise of 22% in sheep milk produc-
tion in the period 2000-2010 (FAOSTAT, 2013) and even if sheep 
dairy products are going to be produced almost worldwide, the 
biggest share is still mostly concentrated in some Mediterranean 
countries of the European Union. In these areas sheep breeding 
is frequently conducted in a traditional way by means of semi-
extensive methods (Boyazoglu and Morand-Fehr, 2001), and 
dairy production and yield is signifi cantly infl uenced by sea-
sonality of reproduction. A well-known example of this type of 
sheep breeding is present in Sardinia (Carcangiu et al., 2011), 
a region of Italy, where productions from the autochthonous 
breed, the Sarda, are mostly infl uenced by reproductive perfor-
mance and pasture availability, which is inadequate during the 
summer. Th is represents a primary limit in order to achieve a 
favourable exploitation of milk all over the year and fi nally im-
prove the economic gain of sheep farms. 
Cold and freezing storage are two strategies used to overcome 
the concern regarding seasonality of food of animal origin and 
improve handling, preservation and marketing of agricultural 
productions (Hundy et al., 2008). Th ese techniques are espe-
cially exploited for meat (Muela et al., 2010) and dairy products 
(Wendorff  2001) which are exclusively available in particular 
and limited periods of the year, as like those from sheep spe-
cies. Many researches have been carried out about the eff ects of 
freezing on composition of sheep milk (Wendorff  2001), cheese 
(Zhang et al., 2006) and curds (Picon et al., 2010) nevertheless 
no study has investigated the eff ect on renneting properties; 
these traits are used to evaluate the ability of milk to cheese-
making and are measured by both mechanical and infrared 
methods (Pazzola et al., 2011; Pretto et al., 2011; Cipolat-Gotet 
et al., 2012). Th is study aimed to investigate the eff ect of long-
term freezing on renneting properties of individual milk sam-
ples of the Sarda breed.
Material and methods
Fift y pluriparous ewes of Sarda breed were randomly selected. 
All the ewes were at third parturition, lambed in the month of 
February 2012 and belonged to a farm located in the Province 
of Sassari, Sardinia, Italy. 
Th e animals were fed at pasture and received a supplemen-
tation of 300g/head of a commercial concentrate feed (15.5% 
crude protein) during the milking procedures. Th ey were milked 
using a milking machine twice a day (6:00 AM and 16:00 PM).
Individual milk samples (100 mL) were collected from all 
the 50 ewes, during the morning milking, at monthly inter-
vals from April (45 days in milking, DIM) to July (135 days in 
milking). On the whole, each of the 50 ewes was sampled four 
times, with a total amount of 200 samples.  For each sampling 
session, individual milk yield of the morning was also recorded. 
Samples were transported at +4° C to the laboratory within 1 h 
aft er collection and analysed for milk composition and rennet-
ing properties. Four subsamples of about 15 mL were obtained 
pouring the individual samples in four plastic volumetric coni-
cal tube. Th e fi rst subsample was used to achieve analysis from 
fresh milk and the other three aft er freezing. 
Milk composition was evaluated only on fresh milk. Fat, 
total protein, casein contents and pH were obtained according 
to IDF 141C:2000 and using a mid-infrared spectrophotom-
eter (Milko-Scan FT 6000; Foss Electric, DK-3400 Hillerød, 
Denmark); freezing point (FP) in Hortvet degrees (H°) according 
to IDF 108:2002 and by a thermistore cryoscope (Astor 4000/SE 
Double; Astori Tecnica, Poncarale BS, Italy); somatic cell count 
(SCC) using an automatic cell counter (Fossomatic 5000, Foss 
Electric, Hillerød, Denmark) according to IDF 148-2:2006 and 
total microbic mesophilic count (TMC) using a Bacto-Scan FC 
150 (Foss Electric, Hillerød, Denmark) (IDF 358:2000). 
As regards renneting properties, these were achieved both 
from fresh and frozen milk.
Th e fi rst subsample (fresh milk, FM) was immediately refriger-
ated at +4° C and analysed within 12 hours collection. Th e others 
were frozen at -20° C and analysed aft er diff erent periods of stor-
age: the second one aft er one month of freezing (1M), the third 
aft er three months (3M) and the fourth aft er fi ve months (5M). 
Fresh and frozen milk subsamples were analysed follow-
ing the same procedure; frozen subsamples were thawed at +4° 
C for about 12 hours. Ten mL of milk was kept at 35° C for 30 
min before mixing with 200 μL of a 0.8/100 (v/v) rennet solu-
tion (Red Line Rennet, Clerici, Cadorago, Italy) and analysed 
using the Formagraph instrument (Foss Italia SPA, Padova, 
Italy) and the method by Mc Mahon & Brown (1982) to achieve 
milk rennet coagulation time (RCT) in minutes, curd fi rming 
time (k20) in minutes, and curd fi rmness (a30) in millimeters. 
Data regarding milk yield and composition of fresh milk were 
analysed in order to give a descriptive general overview of milk 
characteristics throughout the lactation. A repeated measures 
one-way analysis of variance (ANOVA) was performed, with 
the month of the stage of lactation measured as days in milking 
(DIM) as fi xed eff ect, and multiple comparison of the means 
by the Tukey’s method. SCC and TMC were previously trans-
formed into logarithmic form (log10) to normalize the distri-
bution of the frequencies.
Statistics regarding renneting parameters was performed by 
means of a mixed eff ect model procedure, which considered as 
fi xed eff ects Si for the storage treatment (i = 4) and the month of 
the stage of lactation (j = 4) measured as DIMj. Random eff ect 
of the individual animal was computed with animal nested 
within DIM. Orthogonal contrasts were performed to achieve 
the eff ect of freezing treatment, evaluating fresh versus frozen 
milk (FM vs 1,3,5M) and milk frozen one month versus frozen 
fi ve months (1M vs 5M). 
Analyses were carried out using SAS (version 9.1, SAS Institute 
Inc., Cary, NC). 
Since the duration of the Formagraph analysis was set at 30 
minutes, subsamples with a value of RCT higher than 30 min 
did not show any of the three renneting properties; these sam-
ples were named non coagulating (NC) and not included in the 
mixed model but, as previously described by Pazzola et al. (2012), 
analysed by means of the Fisher’s exact test according to the stage 
of lactation and storage treatment. For all the statistical tests, 
diff erences were declared signifi cant at P<0.05.
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Results and discussion
Milk yield and composition, pH, FP, TMC (log10) and SCC 
(log10) of individual samples throughout the lactation are shown 
in Table 1. All the parameters, except pH and SCC, were aff ected 
(P<0.01) by the stage of lactation. Decrease of yield and the cor-
responding increase of protein and fat content in the late stages 
of lactation of dairy sheep have been already studied and de-
scribed in the literature (Jaeggi et al., 2005), and results of the 
present study consisted with data published for the Sarda breed 
in previous papers (Morand-Fehr et al., 2007; Mura et al., 2012) 
and by the offi  cial standard (Asso.Na.Pa., 2013). 
Table 2 shows results regarding milk samples with a value 
of milk clotting time equal and lower (coagulating, C) or higher 
(non coagulating, NC) than 30 min. Th e eff ect of the diff erent 
stages of lactation was not signifi cant, while storage treatment 
signifi cantly infl uenced (P-value = 0.001) the number of NC 
samples, and the greatest amount was registered for subsamples 
frozen for fi ve months. NC samples of fresh milk were always 
categorized as NC aft er freezing for one, three and fi ve months, 
because also the corresponding frozen subsamples showed a 
r value greater than 30 min.
Th e results of statistical analysis and variation of least square 
means regarding renneting parameters according to the eff ects 
of the stage of lactation and storage treatments are respectively 
illustrated in Table 3 and Figure 1.
Th e eff ect of the stages of lactation signifi cantly infl uenced 
rennet coagulation time and curd fi rmness at P<0.01 while curd 
fi rming time at P <0.05. Examination of least square means and 
standard deviation throughout the lactation showed a decrease 
both for RCT (21.60 ±0.19 min at 45 DIM and 19.43 ±0.19 at 135 
DIM) and k20 (1.82 ±0.02 min at 45 DIM and 1.75 at 135 DIM), 
while tendency of a30 was fl uctuating with the highest value at 
135 DIM, 50.33 ±0.75 mm. Given that acidity of milk was stable 
throughout the stages of lactation, these results were probably 
Table 1. Least square means of yield and composition, pH, freezing point (FP), total microbic count (TMC) and somatic cell 
count (SCC) of fresh milk throughout the lactation (n=50)
Table 2. Coagulating (C, milk clotting time equal or lower than 30 min) and non coagulating milk samples (NC, higher than 30 
min) according to the stage of lactation (DIM) and storage treatment.
Table 3. P-values of renneting parameters according to the eff ects of the stage of lactation (DIM) and storage treatment
 
 DIM1 SEM2 P-value
 45 75 105 135
Milk yield3 (kg) 0.918A 0.755B 0.559C 0.354D 26.5 **
Fat (%) 5.53B 6.01B 6.70AB 8.20A 0.14 **
Protein (%) 5.64B 5.53B 5.60B 5.90A 0.06 **
Casein (%) 4.38BC 4.28C 4.49B 4.75A 0.05 **
pH 6.68 6.71 6.70 6.67 0.01 NS
FP (°H) -0.575B -0.569A -0.582C -0.589D 0.01 **
TMC (log10) 4.33AB 3.97B 4.66A 3.85B 0.14 **
SCC (log10) 5.38 5.32 5.49 5.50 0.09 NS
1 Days in milking; 2 Standard error of the mean; 3 yield of the morning milking; ** = P<0.01; NS = not significant; A,B,C,D Means in the same row with different 
letters differ significantly (P<0.01) in month comparison. 
 
 DIM1 Storage2 
 45 75 105 135 FM 1M 3M 5M
n 200 200 200 200 200 200 200 200
C 163 173 174 179 185 179 171 154
NC  37 27 26 21 15 21 29 46
P-value3 0.131 0.001 
1 Days in milking; 2 FM = fresh milk, 1M = frozen for one month, 3M = frozen for three months; 5M = frozen for five months; 3 obtained by chi-square test. 
Parameters1 Effects - P-values Animal
RMSE3
Storage4 - P-values Residual
RMSE5DIM2 Storage FM vs 1,3,5M 1M vs 5M 
RCT (min) <0.01 <0.01 9.26 <0.01 <0.01 2.95
k20 (min) <0.05 <0.01 0.06 <0.01 <0.01 0.03
a30 (mm) <0.01 <0.01 45.32 <0.01 <0.01 72.36
1 RCT = rennet coagulation time, k20 = curd firming time, a30 = curd firmness; 2 Days in milking; 3 root of the mean squared error due to the individual 
animal; 4 FM = fresh milk, 1M = milk frozen for one month, 3M = frozen for three months; 5M = frozen for five months; 5 root of the mean squared error of 
the residual. 
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aff ected by the increase of casein content in the late stages of 
lactation, because the higher is the casein content the longer is 
milk clotting time and the stronger curd fi rmness (Dalgleish 
1981). On the whole RCT and a30 were similar while k20 was 
lower than those parameters registered for other Italian dairy 
sheep breeds (Pugliese et al., 2000; Sevi et al., 2000). As regards 
the storage eff ect, the highest signifi cance level was recorded for 
all the three renneting parameters. It can be noticed that rennet 
coagulation time of  fresh milk was signifi cantly shorter (17.97 
±0.16 min) than frozen subsamples, and values of subsamples 
frozen for one month were signifi cantly lower than those frozen 
for fi ve months (18.50 ±0.17 vs. 23.31 ±0.27 min); furthermore, as 
regards the curd fi rmness, data obtained from fresh milk (51.48 
±0.67 mm) signifi cantly diminished aft er fi ve months of frozen 
storage (44.14 ±1.12).
Th ese results, summed up to the large amount of non coag-
ulating subsamples which were registered aft er a freezing stor-
age of fi ve months, evidenced that long-term freezing caused a 
remarkable decreasing of sheep milk renneting characteristics 
and, on the whole, they can predict a worse yield and quality of 
cheese-making. Th e prediction of a lowered quality of cheese-
making evidenced by the present study is partially in agreement 
with the study by Zhang et al. (2006), who record a limited reduc-
tion of yield, but no eff ect on fatty acids composition, in cheese 
produced from sheep milk frozen for six months. Acidity is one 
of the main source of variation for milk coagulation properties 
(Bittante et al., 2012), but  as evidenced by Katsiari et al.(2001) 
acidity of sheep milk is not aff ected by frozen storage up to six 
months. Many other causes have been indicated as decisive for 
the reduction of the overall quality and yield of cheese made from 
frozen milk, like damaging of fat globules (Zhang et al., 2006) 
and protein destabilization (Wendorff  2001). Th e potential de-
crease of cheese yield from frozen milk is habitually overcome in 
the cheese making industry by means of diff erent standardized 
techniques, such as the utilization of frozen curds; indeed, the 
eff ect of long-term freezing did not alter characteristics of frozen 
curds in the manufacture of sheep cheese (Picon et al, 2010).
Figure 1. Least square means and standard deviations of renneting parameters according to the effects of 
the stage of lactation (DIM) and storage treatment; 1 Days in milking; 2 FM = fresh milk, 1M = frozen for one 
month, 3M = frozen for three months; 5M = frozen for five months. A,B,C Different capital letters in the same 
graphics differ at P<0.01; a,b,c different lower-case letters in the same graphics differ at P<0.05.
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Conclusions
Freezing storage of milk could be a suitable strategy to im-
prove availability of some dairy products which are normally 
limited by concerns about seasonality. Indeed, utilization of milk 
rather than frozen curd for cheese-making could be favourable 
for future market expansion of dairy products like fresh cheese, 
ricotta-cheese and yogurt. Th ese could be complementary alter-
natives to other traditional types of cheese, which are mainly 
available only in particular seasons and are obtained by means 
of longer ripening times. Th e present study evidenced that frozen 
storage up to fi ve months signifi cantly aff ected renneting prop-
erties of milk from the Sarda sheep. Th is predicts a decrease in 
cheese yield and quality and suggests that freezing of raw milk 
should be limited to shorter periods. 
References
Asso.Na.Pa. (2013). Italian National Sheepers Association 
(Associazione Nazionale della Pastorizia), Standard of the Sarda 
sheep. Online at http://www.assonapa.it/norme_ecc/ovini_llgg/
sarda-ovina.htm, last accessed March 1st 2013. 
Bittante G.,. Penasa M, Cecchinato A. (2012). Genetics and mode-
ling of milk coagulation properties. J Dairy Sci 95: 6843-6870. 
Boyazoglu J., Morand-Fehr P. (2001). Mediterranean dairy sheep 
and goat products and their quality. A critical review Small 
Ruminant Res 40: 1-11. 
Carcangiu V., Mura M.C., Vacca G.M., Dettori M.L., Pazzola M., 
Luridiana S., Bini P.P. (2011) Improvement of the reproductive 
effi  ciency for the development of the Sardinian sheep breed-
ing. In: New trends for innovation in the Mediterranean animal 
production (R Bouche, A Derkimba, F Casabianaca, eds) EAAP 
Scientifi c Series 129, Wageningen Academic Publishers, Th e 
Netherlands, 82-88. 
Cipolat-Gotet C., Cecchinato A., De Marchi M., Penasa M., Bittante 
G. (2012). Comparison between mechanical and near-infrared 
methods for assessing coagulation properties of bovine milk. J 
Dairy Sci 95: 6806-6819. 
Dalgleish D.G. (1981). Eff ect of milk coagulation on the nature of 
curd formed during renneting - a teorical discussion. J Dairy 
Res 48: 65-69. 
FAOSTAT (2013). Statistical Database of the Food and Agriculture 
Organization of the United Nations. Online at http://www.
faostat.fao.org, last accessed March 1st 2013. 
Hundy G.F., Trott A.R., Welch T.C. (2008). Food Refrigeration and 
Freezing, Chapter 14. In: Refrigeration and Air-Conditioning 
(Fourth Edition), Butterworth-Heinemann, Oxford, UK, 
177-183. 
Jaeggi J.J., Wendorff  W.L., Romero J., Berger Y.M., Johnson M.E. 
(2005). Impact of seasonal changes in ovine milk on com-
position and yield of a hard-pressed cheese. J Dairy Sci 
88:1358-1363. 
Katsiari M.C., Voutsinas L.P., Kondyli E. (2002). Manufacture 
of yoghurt from stored frozen sheep’s milk. Food Chem 77: 
413-420. 
Mc Mahon D.J., Brown R.J. (1982). Evaluation of Formagraph for 
comparing rennet solutions. J Dairy Sci 65: 1639-1642. 
Morand-Fehr P., Fedele V., Decandia M., Le Frileux Y. (2007). 
Infl uence of farming and feeding systems on composition and 
quality of goat and sheep milk. Small Ruminant Res 68: 20-34. 
Muela E.,  Sañudo C., Campo M.M., Medel I., Beltrán J.A. (2010). 
Eff ect of freezing method and frozen storage duration on 
instrumental quality of lamb throughout display. Meat Sci 84: 
662-669. 
Mura  M.C., Daga C., Paludo M., Luridiana S., Pazzola M., Bodano 
S., Dettori  M.L., Vacca G.M., Carcangiu V. (2012). Analysis of 
polymorphism within POU1F1 gene in relation to milk pro-
duction traits in dairy Sarda sheep breed. Mol Biol Rep 39: 
6975-6979. 
Pazzola M., Balia F., Dettori M.L., Mura M.C., Carcangiu V., Vacca 
G.M. (2011). Eff ect of diff erent storage conditions, the farm 
and the stage of lactation on renneting parameters of goat milk 
investigated using the Formagraph method. J Dairy Res 78: 
343-348. 
Pazzola M., Balia F., Carcangiu V., Dettori M.L., Piras G., Vacca 
G.M. (2012). Higher somatic cells counted by the electronic 
counter method do not infl uence renneting properties of goat 
milk. Small Ruminant Res 102: 32-36. 
Picon A., Gaya P., Fernández-García E., Rivas-Cañedo A., Ávila 
M., Nuñez M. (2010). Proteolysis, lipolysis, volatile compounds, 
texture, and fl avor of Hispánico cheese made using frozen ewe 
milk curds pressed for diff erent times. J Dairy Sci 93:2896-2905. 
Pretto D., Kaart T., Vallas M., Jõudu I., Henno M., Ancilotto L., 
Cassandro M., Pärna E. (2011). Relationships between milk 
coagulation property traits analyzed with diff erent methodolo-
gies J Dairy Sci 94: 4336-4346. 
Pugliese C., Acciaioli A., Rapaccini S., Parisi G., Franci O. (2000). 
Evolution of chemical composition, somatic cell count and ren-
neting properties of the milk of Massese ewes. Small Ruminant 
Res 35: 71-80. 
Sevi A., Taibi L., Albenzio M., Muscio A., Annicchiarico G. (2000). 
Eff ect of parity on milk yield, composition, somatic cell count, 
renneting parameters and bacteria counts of Comisana ewes. 
Small Ruminant Res 37: 99-107. 
Wendorff  W.L. (2001). Freezing qualities of raw ovine milk for fur-
ther processing. J Dairy Sci 84: E74-E78. 
Zhang R.H., Mustafa A.F., Ng-Kwai-Hang K.F., Zhao X. (2006). 
Eff ects of freezing on composition and fatty acid profi les of 
sheep milk and cheese. Small Ruminant Res 64: 203-210.
acs78_48
